and reducing nutrient loss through excreta [4] . Exogenous enzymes can offer nutritional benefits in a variety of ways, including hydrolyzing nonstarch polysaccharides (NSP) that could be used by the bird [4, 5] . This leads not only to more dietary energy being used by the bird, but gut viscosity is also decreased for some ingredients. It is well known that NSP is a factor in diets containing wheat and barley; however, corn and soybean meal-based diets also contain varying levels of NSP [6] [7] [8] . Although an increase in gut viscosity is not usually an issue when utilizing corn-soy diets, the NSP compounds that are present do have the ability to encapsulate nutrients, decreasing the accessibility to the bird [8] [9] [10] .
Dried distillers grains with solubles is a byproduct of ethanol production and contains a mixture of solid and liquid fermentation residues [11, 12] . Due to processing, DDGS contain higher amounts of protein, fat, minerals, and starch [12] . The increase in protein, fat, and available P makes DDGS an attractive ingredient for least-cost formulations [12] . However, the main limiting factor of DDGS in poultry rations is the increased NSP in the diet, leading to a decrease in nutrient availability [12] . As a result of the high amount of NSP, an inclusion rate of 15% has been shown to be the maximum in poultry diets [3, 12] . As a result of the higher NSP found in DDGS, it is important to examine how enzyme complexes that hydrolyze NSP perform with DDGS. The objective of this study was to examine if lowering the amount of ME, P, and Ca with and without the addition of an enzyme complex would affect production parameters and nutrient retention.
MATERIALS AND METHODS

Birds and Housing
One hundred ninety-two Hy-Line W-36 white leghorn laying hens were used in this research. The hens were provided access to 100 g of feed per hen per day, water was also provided ad libitum via a water nipple drinker system for every cage. The current study used 48 cages in total and each cage was randomly assigned to 1 of 4 dietary treatments, resulting in 12 replicate cages per treatment. Hens were housed in the F-research building at the University of Nebraska-Lincoln Poultry Research Facility. The hens were housed 4 per cage (600 cm 2 /hen) in a 4-tiered manure belt cage system [13] . The experiment was conducted late spring through mid fall in a tunnel-ventilated building. Hens were maintained on a 16L:8D photoperiod. The hens were fed experimental diets from 25 to 51 wk of age, consisting of 2 phases; phase 1 was from 25 to 36 wk of age and phase 2 was from 37 to 51 wk of age. Feed intake was recorded weekly and calculated on a per hen per day basis. Egg production was recorded daily and calculated as percent egg production per hen per day. The University of Nebraska Institutional Animal Care and Use Committee approved all procedures. The hens underwent a significant heat stress at the conclusion of phase 1, when the hens were 34 to 36 wk of age; during this time barn temperatures exceeded 32°C.
Diets
A phase feeding program was used during the experiment, phase 1 was fed from 25 to 36 wk of age and phase 2 was fed from 37 to 51 wk of age. Diets were formulated based on expected feed intake and age of the hens. Recommendations for dietary nutrients were based on Hy-Line W-36 commercial management guide recommendations [14] and NRC recommendations [15] . The diets were arranged in a 2 × 2 factorial design, with the variables being enzyme complex level (0 or 0.0375% Avizyme 1502 [16] ) and ME level (moderate vs. low). All diets contained Phyzyme XP 5000 G [16] calculated to contain approximately 300 FTU/ kg (phytase). For phase 1, ME levels were either 2,900 or 2,860 kcal/kg for moderate-or low-ME diets, respectively. For phase 2, ME levels were either 2,880 or 2,800 kcal/kg for moderate-or low-ME diets, respectively. Therefore, dietary arrangements were moderate ME, moderate ME with 0.0375% Avizyme 1502, low ME, and low ME with 0.0375% Avizyme 1502. Analysis of phytase activity received at the conclusion of phase 1 indicated a high level of phytase activity (1,100-2,300 FTU/kg). As a result, a reduction was noted in the inclusion rate of phytase for phase 2, leading to an analyzed values ranging from 190 to 400 FTU/kg.
Avizyme 1502 was calculated to contain 225 U/g of xylanase, 300 U/g of amylase, and 3,000 U/g of protease, formulated to contribute 87 kcal/kg to the diet (referred to as enzyme complex). The DDGS was added to the diets at 15 % during both phases. The tabulated nutrient composition of the DDGS [17] used in the current study were 27% CP, 10.3% fat, 2,800 kcal/ kg, and 0.42% available P. Available P was formulated at 0.33% and Ca was lowered approximately 10%, as recommended by Phycheck software [18] . Phytase contributed 0.12% available P and 0.108% Ca. The diet formulations for phase 1 and phase 2 are shown in Tables 1 and  2 , respectively.
Measurements and Analysis
Measurements during both phase 1 and 2 included daily egg production, weekly feed intake, biweekly egg weight, and monthly hen weight. Hen CV was determined by using individual hen weights from each cage; weights from each cage were averaged and SD was determined for each cage. Hen CV was determined using CV (%) = (cage SD/cage average) × 100.
At the conclusion of phase 1 and phase 2, chromic oxide was added to the diets as (1%) an indigestible marker and the diets were fed for a week. Following the week of feeding chromic oxide, fecal samples were collected from each pen and frozen (−20°C). The fecal samples were then freeze-dried in FTS Systems Drua-Dry (model FD-20-54) [19] , ground in a Cyclotec-1903 sample mill [20] , and then sifted Diet samples were taken after each mixing event for analysis. The samples were ground in a Cyclotec 1903 sample mill and sifted through a 1-mm screen. Samples of the diets were taken at each mixing (every 2 wk), samples were then analyzed and the results for the feed analysis are an average of the analysis performed across all samples for each phase. At the end of each phase, the diets were pooled and analyzed at the Eurofins Nutrition Analysis Center [22] gross ME by bomb calorimetry. Fecal analysis for chromium, Ca, P, and CP were analyzed at the University of Nebraska-Lincoln; gross ME values for the feces were determined by Eurofins [22] .
Data Analysis
Data were analyzed for repeated measures using the mixed models (Proc Mixed) procedures in SAS [27] for a randomized complete block design with a 2 × 2 factorial arrangement. The data were tested for the main effects of enzyme combination and ME level and their interaction. Cages were blocked by side (north and south) and by tier level (1) (2) (3) (4) (5) (6) . Each block consisted of 8 cages. Blocking was done to reduce the amount of variation in temperature between the tiers. The repeated measures procedure was used to examine the treatment effect over a specific time period and possible treatment by time interactions. The data analyzed via repeated measures included egg production, feed intake, feed conversion, hen weight, and hen CV. Separation of the means was done using a least squares means statement with the pdiff option. Nutrient retention data were analyzed via Proc Glimmix in SAS [27], along with tibia measurements for length, diameter, and bone ash. Means were separated using a least squares means statement with the slicediff option.
RESULTS AND DISCUSSION
Production Parameters
Overall, no significant interaction was observed between enzyme supplementation, ME level, and time through phase 1 or phase 2 (Table  3) . During phase 1, a significant interaction was noted between ME and time (P ≤ 0.005; Table 3 ; Figure 1 ). During the final 2 wk of phase 1 (P ≤ 0.015; Table 4 ), diets with low ME had higher egg production than diets containing moderate ME. This complements the findings of Peguri and Coon [28] , who reported that an increase in ME leads to a reduction in egg production. This effect is most likely confounded by the heat stress hens experienced during the final 2 wk of phase 1. At this time, house temperatures exceeded 35°C. To further analyze the effect of heat stress, the final 2 wk of phase 1 production data were analyzed separately (Table 4) . A significant effect of ME level (P ≤ 0.015) on egg production (Table 4) was observed. Diets containing low ME (2,860 kcal/kg) had an overall egg production of 89.25%, which is substantially higher than their moderate ME counterparts (2,900 kcal/kg; 80.88%; Table 4 ). Therefore, during the heat stress, egg production was more dependent on ME level of the diet rather than enzyme combination. Furthermore, during this time period, hens fed diets containing low ME (2,860 kcal/kg) consumed significantly more kilocalories per hen per day (P ≤ 0.0291) than hens fed moderate-ME diets (2,900 kcal/kg; Table 4). We suggest that hens fed a low-ME diet during times of heat stress will maintain higher egg production.
No significant interaction was observed between enzyme, ME, and time at the conclusion of phase 1 (P ≤ 0.242; Table 3 ) for feed intake. However, a significant ME by time interaction (P ≤ 0.029; Table 3 ). These findings support the theory that the laying hen consumes feed to meet energy requirements [29] . These results are consistent with the findings of Valkonen et al. [30] , that low-ME diets had a higher feed intake than high-ME diets through phase 1. The effect ME level has on feed intake is further confounded when examining the heat stress that occurred at the conclusion of phase 1. Within this 2-wk period, all diets observed approximately a 10% drop in feed intake. Although no significant ME by enzyme supplementation interaction or significant enzyme supplementation effect was observed, a significant effect of ME level (P ≤ 0.027; Table 4 ) was noted. This effect is mirrored when examining calculated ME consumption, as diets containing low levels of ME had higher kilocalories per hen per day consumption than their moderate ME counterparts (Table 4) . This finding corresponds to previous work that reported a reduction of ME level in the diet during heat stress leads to an increase in feed intake [31] [32] [33] . These differences between ME levels over time did not continue into phase 2 (P ≤ 0.833). Enzyme supplementation, ME level, and time interaction effect was near significance (P Moderate ME level, phase 1 ME = 2,900 kcal/kg; phase 2 ME = 2,860 kcal/kg. 4 Avizyme 1502 and Phyzyme 5000G XP; Danisco Animal Nutrition [16]. 5 Low ME level, phase 1 ME = 2,880 kcal/kg; phase 2 ME = 2,800 kcal/kg. ≤ 0.065), trending toward diets containing enzyme complex, phytase, and low ME to have a higher feed intake than their counterparts (Table  3) . Overall, the lack of differences in this study could possibly be due to the enzyme effect, as the enzyme complex and phytase have been shown to recoup energy within the diet [1, 6, 34] . This most likely resulted in a less dramatic effect on feed intake during phase 2. No significant differences were observed between ME level and enzyme combination throughout phase 1 or phase 2 on feed conversion (Table 3) . However, at the conclusion of phase 1, during the period of heat stress, a significant difference (P ≤ 0.035) was noted due to ME level, with low-ME diets having a higher feed conversion (1.59 g of feed:g of egg) than diets containing moderate levels of ME (1.52 g of feed:g of egg; Table 4 ). This correlates with the feed intake data during this time period. No significant differences were observed between phases 1 and 2 for hen weight, hen CV, or egg weight (Table 5) .
Apparent Nutrient and Energy Retention
No significant interaction was observed for calcium retention between enzyme combination Figure 1 . Egg production through phase 1 (25-36 wk of age; P ≤ 0.005), showing that from 32 to 36 wk of age egg production was higher for birds fed diets containing low ME than for birds fed moderate ME. SEM = 0.015. Means within a column lacking a common superscript differ significantly (P ˂ 0.05).
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Temperatures exceeded 35°C at 36 wk of age and 37.7°C at 37 wk of age. Moderate ME level, phase 1 ME = 2,900 kcal/kg; phase 2 ME = 2,860 kcal/kg. 4 Avizyme 1502 and Phyzyme 5000G XP; Danisco Animal Nutrition [16]. 5 Low ME level, phase 1 ME = 2,880 kcal/kg; phase 2 ME = 2,800 kcal/kg. and ME level during phase 1. Examining the main effects, significant differences were noted between enzyme combination (P ≤ 0.013) and ME level (P ≤ 0.0014; Table 6 ). Diets containing the enzyme complex had higher levels of Ca retention than the control diets. This finding contradicts previous results, refuting the effects of carbohydrases and protease mixtures on mineral retention [6] . However, our report and others have shown that the addition of the enzyme complex can have a positive effect on mineral retention, especially during times of heat stress [35, 36] . Examining ME level, diets containing moderate ME had higher Ca retention than low-ME diets. This also could have been due to the heat stress undergone by the hens at the conclusion of phase 1 and during the retention trial. Phase 2 was similar to phase 1, as no significant interaction was observed between enzyme supplementation and ME level (Table 6 ). Main effects of enzyme supplementation and ME level were significant (P ≤ 0.025 and P ≤ 0.002, respectively; Table 6 ). Similar to phase 1, diets containing enzyme complex had higher Ca retention (65.51%) than the control diets (61.07%; Table 6 ). Diets containing low ME had higher Ca retention (66.53 %) than their moderate ME counterparts (60.06%; Table 6 ). Overall, a significant difference was noted between diets in P retention (Table 6 ) during phase 1 (P ≤ 0.002), with average retention values quite low. This was likely due to the fact that the hens were exposed to heat stress conditions during the final 2 wk of phase 1 when fecal samples were collected. The diet that had the greatest P retention (54.91 mg/hen per day) was the low-ME control diet (Table 6 ). Both diets without enzyme complex exhibited higher P retention values than the diets supplemented with the enzyme complex. It has been reported that, with increasing ambient temperature, an increase of mineral excretion by the hen will occur, especially P [37, 38] . In addition to the previous findings, it is known that during times of heat stress and decreased feed intake an inflammatory response takes place, which can also negatively affect P retention [39] . Both of these factors most likely contributed to the low P retention at the conclusion of phase 1. In phase 2, a main effect difference between enzyme supplementation (P ≤ 0.0001) on P retention was observed. Diets containing the enzyme complex had higher P retention (135.69 mg/hen per day) than the control diets (106.50 mg/hen per day). The effect of the enzyme complex observed again illustrates that enzyme complex supplementation has a positive effect on mineral retention. It has been previously reported that the addition of enzyme complex to fibrous ingredients assists in release of minerals, such as Ca and P [35, 36] . When examining CP retention values, a significant interaction was observed between enzyme supplementation and ME at the conclusion of phase 1 (P ≤ 0.001). Diets containing the enzyme complex had CP values that were similar regardless of ME level (51.08 and 50.91% for moderate and low ME, respectively). However, both control diets had different CP retention values; diets containing moderate ME had a CP retention value of 46.97 %, whereas diets containing low ME had a CP retention value of 54.91 % (Table 5 ). These differences in CP retention depending on ME are most likely due to the hen consuming more when fed diets with low ME. This was especially pronounced at the conclusion of phase 1, as with the heat stress the hens with low-ME diets had a higher feed intake (Table 4) . At the conclusion of phase 2, no significant interaction between ME level and enzyme combination (Table 6 ) was observed. Upon examination of the main effects, the enzyme combination had a significant effect (P ≤ 0.0001), resulting in diets with the enzyme combination having higher CP retention than the control diets. These results are consistent with results found in previous studies, in which the addition of a protease, such as that found in enzyme complex, aids in protein and nitrogen retention [9] . Means within a column lacking a common superscript differ significantly (P ˂ 0.05). Moderate ME level, phase 1 ME = 2,900 kcal/kg; phase 2 ME = 2,860 kcal/kg. Low ME level, phase 1 ME = 2,880 kcal/kg; phase 2 ME = 2,800 kcal/kg. Apparent ME values were measured at the conclusion of phase 1, and we observed a significant enzyme combination by ME effect (P ≤ 0.004; Table 6 ). The AME value of the moderate-ME control diet was significantly lower than the other 3 diets (2,630.00 kcal/kg; Table  6 ). This is possibly the result of the heat stress that occurred during this collection period. Hens consuming moderate-ME diets had lower kilocalories per hen per day consumption during this time (Table 4) , which could contribute to the significantly lower AME value for the moderate-ME control diet. Diets containing low ME showed stable AME values, regardless of enzyme supplementation (Table 6 ). However, in moderate-ME diets, supplementation of the enzyme complex increased AME retention. Diets containing the enzyme complex had higher AME values than the control diets (Table 6 ). In addition, more consistent AME values were observed with the addition of the enzyme complex, moving from moderate-ME to low-ME diets. Therefore, the addition of enzyme complex helping to recoup the difference in the low-ME diets when compared with moderate-ME diets. It has been well documented that the addition of an enzyme complex to the diet assists with increasing ME [30, 35, 36] . Therefore, it was no surprise that diets containing the enzyme complex had higher AME values than the control diets.
CONCLUSIONS AND APPLICATIONS
1. In the current research, positive results were observed when limiting Ca, P, and ME and supplementing with an enzyme complex. 2. The addition of an enzyme complex restored ME along with increased levels of absorption of Ca, P, CP, and AME. 3. During heat stress, birds fed diets containing low ME outperformed birds fed moderate-ME diets, regardless of enzyme supplementation.
